Estimated genetic values from an animal model based on first lactation milk records for 6OOO AI Holstein sires and 1,074,971 Holstein cows born in 1981 or before were used to estimate average genetic selection differentials and generation intervals for the four paths of selection for each year of birth. Selection differentials for paths of sires of bulls, dams of bulls, sires of cows, and dams of cows averaged over all years were 405, 395, 239, and 42 kg and for the most recent 5 yr 884, 598, 235, and 28 kg. Generation intervals averaged for all years were by path 10.2, 6.4.9.3, and 5.1 yr and for the most recent 5 yr 11.0, 6.4, 8.9, and 4.9 yr. Genetic trend based on the average selection differentials and generation intervals would be 34.9 kg/yr, but based on the latest 5-yr periods considering parents of grade cows genetic trend would be 57.2 kg/yr. Estimates of annual trend are considerably less than the potential rate of 96 kgtyr because of longer than necessary generation intervals and smaller selection differentials than theoretically possible. 
INTRODUCTION
Maximizing the rate of genetic gain is an objective of animal breeders. In daj. cattle breeding, this implies maximizing genetic gain for milk production for most producers. Rendel and Robertson (9) suggest that annual gains of up to 2% of the mean are possible. Achieving Several studies (1, 5, 10, 11, 12) have suggested reasons for less genetic gain than expected: emphasis on traits other than milk production, particularly for fat test and classification score; nonrandom mating and treatment; low selection intensity for sires of bulls; long generation intervals for sires and dams of bulls; and high percentage of sampled sires retumed to service with little selection based on production traits.
The purpose of this project was to examine the two major factors that affect actual genetic gain per year for milk production: average genetic selection differentials and generation intervals by year. These averages were determined for each of the four paths of selection (9): sires of bulls (SB), dams of bulls (DB), sires of cows (SC), and dams of cows @C). Average yearly genetic gain was also estimated by regression of average genetic values on time.
MATERIALS AND METHODS

Data
Predicted genetic values were those calculated by Westell (13) using an animal model for 6000 bulls and 1,074,971 cows. Data included animals born through 1981 with lactations re corded prior to June 1983. The predicted genetic values were based on first lactation records for Holstein cows in the northeastern US. These records were for registered and grade cows with AI sires. The data for this study included solutions from the 30th (final) round of iteration for breeding values from the animal model evaluation. Solutions were considered near convergence, although Westell (1 3) suggested further iteration might be desirable for increased accuracy. In addition to predicted breeding values, the data contained year of birth, dam and sire identification, registry status, and animal type. The animal type information classified an animal as a bull or as a parent or nonparent cow with or without a production record.
Selection Dlfferentiais and Generation intervals
Averages for predicted genetic values were calculated by year of birth for each selection path. Averages were calculated in two ways for SB and SC pathways: weighted by the number of progeny and unweighted. The unweighted average was considered an estimate of the average genetic value of the pool of sires available for breeding. The weighted average estimated the average of used sires, a more representative measure of a "typical" sire used to produce bulls or cows. Additionally, average predicted genetic values were computed for cows to be used as base group averages.
Selection differentials were calculated as the average difference for each of the selected groups from the average genetic value of a base by year of birth. Cows born in a given year were used as the base for comparison in calculating all selection differentials because they were an unselected group of animals. Because cows were considered unselected, they were used to estimate the average genetic value of the population for each birth year. The SB, DB, and SC paths were all compared with the corresponding average for registered cows, because all sires and their parents were registered. The base used to calculate differentials for dams varied with the type of dam, with all dams compared with all cows, grade dams compared with grade cows, and registered dams compared with registered cows.
Generation intervals were computed for each path of selection. The generation interval was defined as the age of the sire or dam of a bull or cow when the offspring was born. Average generation interval was calculated by progeny birth year, because the data set included only records available when the animal model estimates were calculated. The truncation of more recent data would lead to underestimation of intervals, because parents born more recently could have progeny only if they were born before the data set was created. Alternatively, averaging generation intervals by the offspring birth year did not bias interval estimates, because the data included all available records.
The estimated selection differentials and generation intervals were compared with differentials and intervals thought possible under optimum conditions.
Genetic Trend
Genetic trend was estimated in two ways: 1) by pooling estimates of the trend in each of the four paths of selection and 2) by analyzing the trend in the unselected population of cows. Average genetic trend for a path was calculated as the regression of average predicted genetic value for path of selection (GsB, GDB, Gsc, or GDC) or cows (Gc) on time 0, where time was year of birth of the sire or dam of the bull or cow. Yearly averages of estimated genetic values were used so that each year had equal weight in estimating average selection differential, although weighted and unweighted means were used for the SB and SC paths to account for differential sire usage in each birth year. In addition, regression coefficients were computed for two time periods: all years and since 1968. Previous studies (4, 7) indicated 1968 as the approximate time when changes in genetic trend occurred. Similar trends were observed in these data.
Annual Genetic Change
Expected genetic improvement per year (A) was calculated using the formula suggested by Rendel and Robertson (9):
where AG is the estimated genetic superiority of the selected over their contemporaries in the base group born in the same year and L is the average age of the selected animals when their offspring were born.
Estimated selection differentials and generation intervals were compared with differentials thought possible under optimum conditions ( Table 1) . These values were chosen by the authors as realistic optimum goals.
Expected yearly genetic gain also was estimated using the regression estimates
RESULTS
Sires of Bulls
?he trend for SB is clearly one of improving breeding values and selection differentials The overall trend estimates were much larger than those observed by Lee et al. 
sires of cows
The most striking feature of the SC path is the negative unweighted selection differentials for sires born prior to 1964 (Figure 5) . The mean selection differentials for sires born before 1968 for weighted and unweighted averages, considering all daughters, were 123 and The differentials increased dramatically in the late 1960s. The weighted and unweighted averages for sires born from 1974 to 1978 averaged 235 and 246 kg. These differentials are considerably smaller than the 678 kg thought possible. The weighted and unweighted means were nearly identical during this period, indicating that breeders had not had any opportunity to use the better sires more heavily.
-168 kg. The SC path was examined by grouping the registered and grade daughters separately (Figure 6 ). Although the fluctuations were quite similar in the registered and grade daughter groups, the weighted averages for sires of grade daughters were larger than those for registered daughters for nearly all years, 288 and 185 kg, for weighted means for grade and registered daughters. The generation intervals from sires to cows showed very little change since an initial decrease in the late 1950s; mean intervals for all years from 1960 to 1980 were from 8.5 to 9.3 yr (Figure 7) . The average sire to cow genera 1981 averaged 8.9 yr, somewhat closer to the optimum interval of 8 yr than the overall mean Estimates of genetic trend for the SC path do not show the dramatic improvement seen in the other selection paths or that suggested by earlier studies. The genetic trend using unweighted means showed both a higher rate of genetic improvement and more consistent improvement than seen using the weighted means. trend observed for the weighted path may be explained by the lack of opportunity for goal proven bulls to have more daughters than those proven at the same time.
The differences between sires of registered and grade cows were small for trends in genetic improvement, although the average genetic level of sires of grade cows was greater than that of registered cows.
Dams of Cows
When the average breeding values of cows and dams are examined, the most apparent feature is the consistent improvement seen for both cows and dams as well as the superiority of dams over all cows (Figure 8) . Unfortunately, the average selection differential of dams over cows is only 42 kg, again, quite low even compared with the possible differential (72 kg). This could be because of selection for traits other than milk yield and by involuntary culling levels higher than optimum. These differentials were also calculated for registered dams compared with registered cows (49 kg) and grade dams with grade cows (51 kg), and both were considerably less than the potential differential. The average differentials for 1974 to 1978 were 28,48, and 52 kg for all, grade, and registered dams. The generation intervals for DC show a consistently decreasing trend; the average was 5. 1 The estimates of annual genetic change from this study agree well with those previously reported that were estimated using regression of estimated breeding values on time (3, 4, 7, 8) . The overall trends in those studies ranged from 21 to 51 k&r estimated from trends in cows and from 36 to 98 kg&r estimated from sire improvement.
gain.
CONCLUSIONS
Estimates of genetic change using all methods are substantially less than thought possible. The estimates from the two different methods for the selection paths yielded similar estimates. The difference between genetic trend estimates from the paths of selection and from solutions for cows indicates that, due to major improvements in genetic evaluations, estimates of genetic change may be of limited value, because the selection system is assumed to be in equilibrium. The Holstein population that was studied did not seem to be in equilibrium.
These results are limited to data through the early 1980s; the application of these data to evaluation of current selection programs must be done with caution, because these programs have almost certainly been altered since these data were recorded. The estimates of genetic improvement, genetic selection differentials, and generation intervals provide a measure of the efficiency of selection practices historically used and can help determine strengths and weaknesses in selection programs. The paths with the greatest need for improvement are those for parents of the sire: 1) generation intervals for parents of bulls appeared to be much longer than necessary, 2) these paths make up the largest portion of the total potential gain, and 3) intensity of selection appeared to be considerably less than optimum, which may be due to emphasis on traits other than milk production. Selection differentials were much smaller than thought possible for the SC path as well. Selection for traits other than milk production may be the reason in this group also. These results indicate that selection practices in that period were not optimum for maximum improvement of milk production. Decreased emphasis for nonyield traits, while reducing generation intervals, could dramatically improve genetic trend in the future.
